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Abstract 
Polycrystalline Sr1-2xNaxSmxBi4Ti4O15 (SNSBT) belongs to bismuth layer structured ferroelectric (BLSF) materials with x=0.1 
have been prepared by sol gel method. XRD analysis confirms single phase formation with orthorhombic structure. Scanning 
electron micro graph of the material shows plate like grains with random orientation. Dielectric and impedance measurements 
carried out from room temperature to 600oC at different frequencies. Piezoelectric and electromechanical coupling coefficients 
are calculated from resonance and anti-resonance frequencies. Cole-Cole plots showed non-Debye behaviour. 
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1. Inroduction 
The family of Bismuth layer structured ferroelectric (BLSF) Arrivillius (1949) materials received significant 
attention for their application to electronic functional devices such as piezoelectric actuators, resonators and high 
temperature sensors etc. Subbarao (1962). Cross and Pohanka (1971). The general formula of BLSF is (Bi2O2) 2+  
(Am-1BmO3m+1)2-, where A can take mono-, di-, trivalent ion or combination of them, B can be Ti4+, Nb5+or Ta5+ and 
m can take integers 1 to 5. Subbarao (1996). BLSF are characterized by their low dielectric constant, High Curie 
temperature(Tc), large anisotropy in electromechanical coupling factor(kt /kp),high mechanical quality factor(Qm) 
and low temperature coefficient of resonance frequency .Ikegami and Ueda (1974).Takenaka and Sakata (1984).It is 
possible to modify the dielectric and  ferroelectric properties by changing chemical compostion. The effect of A-site 
substitution is more obvious than that of B-site substitution, since the cat ions in B sites are similar in size and do 
not play a major structural role in polarization process for BLSF. Jannet et al (2003). 
 
The ac impedance analysis is known to be a powerful means to separate out the grain boundary and grain-
electrode effects, which usually are the sites of trap for oxygen vacancies and other defects. It is also useful in 
establishing space charge polarization and relaxation mechanism. In view of the importance of ac impedance 
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analysis, the present paper describes detailed analysis of dielectric and impedance spectroscopy studies have been 
carried out in sodium and samarium substituted SrBi4Ti4O15 (SBT). 
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2.  Experimental 
 
Bismuth  Nitrate (Bi(NO3)3.5H2O2 ), Strontium Nitrate (Sr(NO3)2), Titanium powder (sigma aldrich-99% purity), 
Samarium Oxide(Sm2O3),Sodium Nitrate(NaNO3),  H2O2(30%,SD fine chemicals) and Ammonia solution(25%,AR 
grade, SD fine chemicals) were used. Solution1: stoichiometric amount of Bismuth Nitrate, Strontium Nitrate, 
Samarium Oxide and Sodium Nitrate are dissolved in distilled water. Solution2: stoichiometric amount of Titanium 
powder is added to a solution containing 100 ml of H2O2 and 40 ml of ammonia at 5-10o C. A yellow gel is obtained 
after 8 h. Solution 1 is mixed with solution2. Then citric acid is added so that the mole ratio of citric acid to metal 
ion is 2:1. The pH of meal solution is adjusted to 6-7 by adding dilute Ammonia solution drop wise. The solution 
was slowly evaporated till a viscous liquid is obtained. At this stage ethylene glycol (gelatin reagent) is added so that 
mole ratio of citric acid to ethylene glycol was 1:1.2. This mixture is heated on a hot plate- stirrer at 100oC for 2-3 h 
with constant stirring. The temperature is increased to 160-180o C at the onset of solidification. The resultant porous 
solid mass was ground in an agate mortar using acetone medium and heated at 700o C for 3 h to calcine the powder. 
The reacted powders are once again crushed. PVA is used as a binder to form pellets. The pellets are finally sintered 
at 1100o C for 4 h for densification. The resultant samples are characterized by powder XRD. The samples are 
electrode on both sides using silver paste and dried at 500oC.The impedance and Dielectric measurements are 
carried out using Wayne Kerr 6500P LCR meter. For piezoelectric measurement, poling is carried out by applying a 
field of 100 kV /cm in a silicon oil bath at 170o C. 
2. Results and discussions 
 Fig. 1 shows the X- ray diffraction pattern of sintered SNSBT ceramic. The XRD pattern confirms the single 
phase pervoskite orthorhombic structure. Fig. 2 shows the SEM micrograph of sintered SNSBT .It shows the plate- 
like grains with a size of 2-6 μm. The plate-like grains are due to high grain growth rate in a direction perpendicular 
to c-axis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                            
                                                                   
                                                            Fig. 1.XRD Pattern of SNSBT at room temperature. 
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                                                 Fig.2. SEM of SNSBT at room temperature 
 
Fig. 3(a) shows the variation of dielectric constant with temperature at selected frequencies. The maximum of 
dielectric constant correspond to Ferro electric to Para electric phase transition, Tc is about 561oC which is higher 
than for pure SBT. Mamatha et al. (2011). Fig. 3(b) shows the variation of dielectric loss with temperature at 
selected frequencies. The dielectric loss is low and constant up to 400oC shows SNSBT ceramic possess high 
stability dielectric properties. Fig. 4 shows the temperature dependence of complex impedance spectrum (Cole-Cole 
plot) at selected temperatures. Characteristically, two semicircular arcs observed. The low frequency semicircle is 
considered due to grain boundary and higher frequency semicircle depicts bulk effects.   All grain boundary semi 
circles exhibit some depression degree instead of a semi circle centered on the x-axis Jonscher (1977). This can be 
referred to as the non-Debye relaxation in which there is a distribution of relaxation times. This non-ideal behavior 
can be co-related to several factors such as grain orientation, grain boundary, stress-strain phenomena and defect 
distribution. 
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Fig. 3. (a) Variation of Dielectric constant; (b) Dielectric loss with temperature 
 
Fig. 5(a) shows the variation of real part of impedance (Z′) with frequency at different temperatures. It is 
observed that magnitude of Z′ decreases with increase in both frequency as well as temperature. This indicates 
reduction of grains, grain boundaries and electrode interface resistance. The Z′ values for all temperatures merge 
above 100 kHz. This may be due to the release of space charges Jonscher (1981). The loss spectrum (i.e. Z″ versus 
frequency) of the compound at selected temperature is given in fig.5 (b). The asymmetric broadening of peaks 
suggests the presence of electrical process in the material with spread of relaxation time (indicated by peak 
width).The relaxation species may possibly be due to presence of electrons at temperature and defects/vacancies at 
high temperature. The magnitude of existing peaks (Z″) decreases gradually with increase in frequency and 
temperature and finally merge in high frequency domain, which indicates the presence of space charge polarization 
effects at lower frequency and at higher temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Cole-Cole plots of SNSBT at different temperatures. 
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Fig.5. (a)Real part of impedance; (b)imaginary part of impedance as a function of  frequency at selected temperatures 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Admittance as a function of frequency at room temperature 
4. Conclusions 
The SNSBT sample has been prepared by sol-gel method. Single phase formation is confirmed by XRD. 
Substitution of Na and Sm increased the Tc to 561oC.Tc is found to be independent of frequency indicates SNSBT 
belongs to ferroelectric not relaxer. Shifting of Z″ maxima with temperature and frequency shows the dependence of 
space charge on frequency and temperature. The impedance and modulus studies showed relaxation effects which 
are of non-Debye type. The phase transition temperature (Tc), piezoelectric coupling constant (kp) and piezoelectric 
coefficient (d33) are found to be 561oC, 0.59 and 18 pC/N more than pure SBT, is suitable for high temperature 
piezoelectric sensor applications.  
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